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A Method for the Accurate Determination of 
Carbonic Acid present as Carbonate in Soils 

{Kcrfired fnr jinblinil'ini I*,,,! Mu, eh 


Tho amount of organic carbon in a soil is usually (letermined by de- 
ducting the amount of carlton dioxide (COo) ])resent as mineral carbonate 
from the total carbon dioxide (COg) olitainod by its (jotuplete i'ombu,s- 
tion and tduit olttaitird bv the decomposition of the residue of rombuls- 
tion with acid. The amount of organic carbon in Pusa soil i.s verv small 
e(>m[)ared to the amount ]n’eseut as ('aidionate. and conscqtieiitly in 
order to obtain reliable t'alues for tlu' i'a nicr it is ticces.sary to determine 
the latter \^'itli great accuracy. 

The main difficulty in the detcriuination of COo of juineral carbonate 
in soil, as j)ointed out bv F. H. Afarr^ and .1. ('. l^cdiollenbergeT^ and veri- 
fied by a series of determinations eanied out at Pusa j Kx]>ts. 
f. T1 & V j, lies in the fact that, mi boiling a soil witli acid, the organic 
substances ]n'esent in it ai'e decoinpostal and give out COg. Marr also 
ob.scrved tliat C0^> is libeiated when some soils arc boiled with water 
under atino.spheric pressure. Our expciienci' of the deconiposition of 
Pasa soil with dilute boiling acid shows tlial. in spite of the .soil contain- 
ing only a sjuall amount of mganic matter, the results obtainerl with 
about one gram of soil ai'e not sullicientlv accurate. [ Kxpt. I (1), 
(2) and (3),] The error. how<?,ver. is cojisiderably minimised by taking 
a larger quantity of .soil for decom])osit!ou. but the results thus obtained, 
in tri|)licate determinations, still do not agrer' very well one with the 
other [ Expt. \ (4) and (b) |. 

Because of these difficulties. Marr adopted the uiethod of decomposing 
the soil carbonates b>^ boiling witli dilute acid under reduced jnessiiro 
at oO“C. and absorbing the lilierated gas (COJ in .standard alkali. This 
involves double titration which is souiewhut objectiniiable, 

Gravimetric estimation of CO, b>' (lc.com[)using soil by Marr’s method 
ha.s been found to be impracticable, a.s under aljove conditions soda-lime 
tubes lose moi.sture, and suljihuric acirl tubes givp out spray owiil" to 
the rapid passage of gas flii'ough them on evacuation. By ]n‘operlv pie- 

‘ Jour. A till. S' i.. Ill ( Ifios— miO), 
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paring sulphuric acid tubes (described later on) formation of spray 
in the tubes may be prevented if the gas is aspirated under slightly reduced 
pressure. Tt is doubtful, liowever, vhetlicr this vill be the rase, and 
whether the CO^ will be completely absorbed, when the gas is drawn 
through the tubes in a rapid stream under the reduced pressure required 
to boil the dilute acid at 50°C. Moreover, a very complicated arrange- 
ment, sucli as a bath for constant temperature (50'^ C.), an efficient Geiyk 
or Toppler pump, and a reaction flask and tubes sufficiently strong to 
)>ear the pressure, is necessary for such an operation, and these 
generally are not available in ordinary laboratories. 

Consequently an attempt was made to devise some method for the 
gravimetric determination of CO^ under atmospheric pressure and mtlimd 
the employment of heat. This is only possible if the soil carbonates could 
be completely decomposed by dilute acid in the cold and if b}^ any means 
the dissolved COo could be completely liberated from the solution. 

In Pusa soils the carbonates are present mostly as calcium carbonate 
and to a slight extent as magnesium carbonate. So, finel}" ground cal- 
cium carbonate and dolomite were qualitati\'ely tested with dilute hydro- 
chloric acid in the cold. The former was found to be completely dissolved 
and the latter left a slight residue of sand wliich was not further dissolved 
even on boiling with stronger acid. It was, therefore, assumed that the 
carbonates present in the soil would be completely decomposed by dilufe 
hydrochloric acid in the cold. 

Sonie experiments were next carried out to see whether the di.ssolved 
OOo could be completely washed out by the evolution of hydrogen in 
the reaction mixture with aluminium and hydrochloric acid. 

For this purpose sodium carbonate was decomposed in the cold with 
excess of hydrochloric acid and then hydrogen was generated by drop- 
ping in a piece of aluminium foil. TTie Hydrogen was finally driven ofl’ 
from the tubes by aspirating COo-free air. In ail cases it was found 
that if the hydrogen be generated at a proper rate it was possible to 
estimate all the CO^ lilierated during the reaction either in the cold or 
when heat was employed [Expt. Ill A (1), (2) and 111 B (1), (2) ]. 

The next question which arose was whether the presence of clay would 
occlude or adsorb any C02in the cold. To decide this point a quantity 
of kaolin, wliicli had been previously treated with strong HCl and 
washed free of acid nnc! dried, was mixed with some sodium carbonate. 
The mixture was decomjKised with hydrochloric acid and then hydro- 
gen was generated as before and COg-frec air finally aspirated titrough 
tlie lubes to replace the hydrogen. The results obtained show thal 
)i(» occlusion or adsorption of CO^ f‘-'k place [Expt, 111 A (3)j. 



OF C'ABBOXIC ACID PKE5EXT AS CARBOXATE IN SOILS 

sample of soil was next taken for the purpose of experiment, and here 
difficulty was experienced owing to the caking of the soil at the bottom 
of the flask leading to incomplete decomposition. This trouble was over- 
come by the use of a specially designed apparatus which contained a 
mercury-sealed stirring arrangement. Arrangements were also provided 
to allow of a piece of aluminium foil being introduced when necessary, 
i.e.j after the decomposition of the carbonates. The apparatus 
was so arranged that the acid could be introduced without coming in 
contact with the aluminium foil. A full description of the apparatus 
and the method of employment is given later. 

A further difficulty was met owing to the adherence of tJie fine clay 
to the surface of the aluminium foil, diminishing the rate of the genera- 
tion of liydrogen and so preventing the dis.solved CO.^ being driven 
off. Tliis was overcome by the introduction, after the decomposition of 
the soil, of a few drops of copper-sulphate solution, thus forming an alu- 
minium-copper cou])le and accelerating the generation of liydrogen. 
If mercury is substituted for copper-sulphate, the aluminium amalguni 
in presence of the acid generates hydrogen too rapidly to be controlled. 
The method of using copper- sulphate possesses the advantage that the 
evolution of hydrogen can be reduced by dilution, or, on the other hand, 
the reaction can be rendered more active by introducing furtlicr amounts 
of copper -snip hate as desired. 

An apparatus and method were finally evolved by which the carbonates 
of the soil could be completely decomposed at the ordinary temperature 
with excc.ss of dilute liydrochloric acid and the mixture .stined all the 
while. The COg which remains dissolved in tlie menstnim is driven out 
by a stream of hydrogen generated by the action of aluminium and 
hydrochloric acid and a few drops of co])])er-sulphate solution. At the 
end, COj-frec air i.s drawn through the flask and the tiil;es by aspira- 
tion, to sweep away all the CO 2 and finally to drive away all the 
liydrogen in the tubes. 

Very good results {i.e., triplicate determinations agreeing very \vell) 
have been obtained by the above method [ Expt, IV (1), (2) (3) ]. 

^ The results obtained by boiling the mixture of soil and acid for ten 
minutes after it is completely decomposed in the cold and then generat- 
ing hydrogen for a longer time tverc only very slightly higher than those 
obtained in the cold [Expt. V (] ), (2), (3)], showing that the decomposi- 
tion of the mineral carbonates under the latter condition was complete. 
The small variations in the triplicate determinations made by boiling the 
soil with acid are probably due to the decompositioJi of the organic 
sub.stances present. 
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Description of the apparatus. 

The apparatus {Fig, 1 ) consists of a reaction flask (M) to which the 
stirring arrangements for the introduction of acid are attached (also 
shown separately in Fig. 2 ). The delivery tube of the flask is connected 
to a double condenser (P) which is attached to a “ T ’’-piece provided 
with a three-way stopper (Q) at the junction of three arms. The other 
end of the “ T ’’-piece is attached to the bulbed tube (S) containing a 
little ILSOj. which in turn is attached to three H 2 tS 04 tubes (T) of which 
tile third one is weighed and regarded as the guard tube. Two soda- 
lime tubes (T ) are employed to absorb the CO^ and two H 3 SO 4 tubes 
(T") to retain the moisture given off by the soda-lime tubes. Finally 
there is a second bulbed tube (S') containing little sulphuric acid to 
show the rate of passage of the gas through the tubes. An aspirator 
is employed to draw the gase.s through the tubes. 

The mercury-sealed stirrer and the acid introducing arrangements 
are siiown in Figs. 2 and 3. 



Fi? 2, 


Fjg. 3. 
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Tliese consist of a glass rod (A) having a movable glass blade (B) 
attached to the flattened end of the rod , A bent copper wire (C) is fasten- 
ed to the rod a little above B to detach the aluminium foil (AL) when re- 
quired. The rod (A) is fixed into the bung (D) at the top and is sur- 
rounded by the tube (E), which passes through the bungs (G) and (H) 
and is widened somewhat at (F) to receive acid from the stoppered vessel 
(L). The outer jacket of the mercury -seal (J) is fitted to the bung (H) and 
the inner tube (K) fixed to the bung (D) and dips into the mercury 
in the outer jacket (J) of the mercury- seal. The stem of the stoppered 
funnel (L) passes through the bung (D) and is bent inward over the top 
end of the tube (F). 

A soda-lime- tube (N) is attached to the top of the funnel (L) (Fig. 1). 
whenever required, for drawing COo-free air into the apparatus. 

Method of procedure. 

Five to six grams of finely ground soil are weighed and washed into 
the reaction vessel M with two lots of 5 c.c. each of CO;,-free water each 
time, and the apparatus fitted together. 

A mixture of 10 c.c. of stiong HCl and 5 c.c. water (COo-free) is 
introduced little by little from the stoppered funnel (L) and the soil 
stirred continuously by turning the bimg (DJf, so that the evolution of 
gas may be re*gular and at a moderate rate, the rate being indicated 
in the first bulbed tube (S). When the whole of the acid is run in and no 
further quantities of gas are evolved on stirring, it is assumed that the 
decomposition of the soil carbonates is completed. The stirrer is now 
raised so that the piece of aluminium foil is displaced and falls 
into the acid and hydrogen begins to be evolved. [It will be seen 
from the sketch (Fig.l ) t hat tiie stirrer can be raised so much as to displace 
the aluminium foil itlimit allowing any gas to escape through the 
mercury seal.) 

As stated previously, the evolution of hydrogen in mixture of soil 
and dilute acid is slow and thi.s is accelerated by introducing 
a few drops of CUSO4 solution, thus forming an aluminium- copper 
couple, Hydrogen is allowed to evolve at a moderate rate at 
first for 15 minutes and tlien, when the rate is slowing down, a 
further quantitv of 10 c.c. of strong HCl is added and hydrogen is 
evolved for another 10 minutes. 

At this stage the outer jacket (J) (Fig. 3) is filled with mercury, so 
tliat most of the gas (CO.,, if any) is dri\'’cn out of the inner space of the 
mercury-seal avrangeinent : the acid funnel is next washed with a little 
CO.,-free distilled water to get rid of HCl fumes (whicli may afterwards 
come into the soda-lime tube). 1, he .sodadiine tube N is now [ittached and 
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a slow cuiTent ol C 02 -free air is drawn in tlirougli tko whole apparatus, 
by means of the aspirator, to sweep away any CO. remaining. When 
this is completed, the connection of the reaction hash with the tubes is 
broken by turning the three-w^ay tap (Q) and CO.-free air aspirated 
through the absorption tubes for half-an-hour so as to displace any 
hydrogen from the U- tubes. Half an hour's asihration was found to be 
amply sufficient to displace all the hydrogen. The weight of CO. evolv' 
ed is found by weighing the absorption tubes and the final drying tubes. 

The rate of evolution of CO. and hydrogen, and the passage of air 
into the tubes, should uot exceed 1 litre per half- an- hour. 

Some difficulty was experienced owing to the formation of spray 
in the tubes but this can he prevented by pro])aring pumicec sa- 

turated with sulphuric acid in a special way'^ and placing glass wool 
in the upper portions of the U-tubes. 

The results obtained by this ap 2 >aratus and procedure have proved 
to be very satisfactory. Fur Fusa soil, containing only a small amount 
of organic substance, tiie method of determining CO. by decomposing 
the soil carbonates with boiling dilute ]i}'drochloric acid gives fairly 
good results il a large amount of soil (5 — 7 grams) is taken for decom- 
position [Expt. 1(4) and (D)J. But in the case of soil rich in organic 
matter, boiling under atmospheric: piessure involves the danger ol 
decomposing the unstable oriiauic substances, and the new method 
is recomuicnded in such cases. 

Summary and conclusions. 

1. Carbonates in the calcareous ihisa soil can be completely decom- 
}>osed with hydrochloric acid, without boiling, if the soil be efticientiy 
stiiTed. 

2. The soil occludes no carbonic acid undci: the conditions in which the 
experiments are carried out. 

3. The dissolved CO. in the acid liquid can be completely driven 
out by the generation ol hydrogen in it. 

4. The rate of evolution of hydrogen in the menstruum can be regu- 
lated by the introduction of copper- sulphate solution. 

n. The CO. of mineral carbonate in soil can be gravi metrically deter- 
mined with great accuracy by the use of the special apparatUB according 
to the method recommended. 


* Ignited pumiee iji tjyiled witli WiUei for halt-aiidiour. The water is next replaced 
With slruug sulphuric ucid and kept ovejniglu. The sulphuric acid is changed three 
liiues. Prepared in this way the pumice will iiul liual in strung ^04. It is then 
ihoroughly drained and iiiliuduecd inte the tubes througii the stem of a funnel. 
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EXPERIMENTS. 

Quantity of soil % 0 

taken (Mineral) 

I. Boiled for 0 minutes , , . , (1) 1 gram 3'851> 

(2) „ 3922 

(3) „ 3905 

(4) 5-7 grams 3‘860 

(5) „ 3-873 

II. Boiled for 1 minufe— 

tffl) H generated, not stirred internally (1) 1—2 grams 3‘794 

12) „ 3-816 

(3) „ 3-8GI 

(4) „ 3-741 

(5) , 3-825 

(6) „ 3-794 

(7) „ 3-809 

(S) „ 3-846 

(9) „ 3-806 

(5) H generated, stirred internaHy (1) About 6 grams 3-731 

(2} „ 3-855 

(3) ,, 3-736 

III. Decomposition of — • 

(A) Na.COs in the cold and generation of H (1) 2—2-5 gramt; 11-2-13 

in the cold, NajpCOa 

(2) 2— 2-5 grams 11-154 

NaXOj 

(3) 2— 2-5 gi-am-s 11120 

Ntta C03-r3 grams 

Kaolin 

(B) Na, Cdg boiled and H generated in iiot(l) 0-559 grams U'3l0 

solution. CO3 

(2) 0-5403 grams U-200 

Ka.COs 

IV. Decomposition of soil in the cold by acid and (1) 5 — 7 grama of soil 3-861 

liberation of COj from the cold solution with (2) ,, 3-869 

H & GUSO4 (few drops). (3) „ 3-863 

V, Decomposition of soil in the cold mixture, (1) 5- -7 grams of soil 3-889 

boiled afterivards for tcii minutes andH (2) „ 3-865 

generated for a long time, (3) „ 3’875 


sG e I— M— IV- ■ i~19 ■ 1 1 ■ 23— 1 .;JOO. 
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Tamarind as a Source of Alcohol and 
Tartaric Acid. 

[Tiect'ii'ed for publication on 7lh JauHanj, 1921.) 

India is full of ivsouivrs, V(\u;otablc and ininei'al, ainl tlioro aro many 
raw |)roducts ^vllicll ara capable of hoi 111 ; usial foi“ industrial purposes. 
The tamarind {Tamanndu,'i dtd/t'a). wliioli is so wTlely found in India, 
has yot bec'U only partially investigated, although (‘very part of tlu; tree 
is utilized for some purpose or other, the most itnportanfc beiiior the 
fruit. According to tlie varieties of fruit, the ti'ee is divid(Hl into 
three classes :-(l ) The s(»ur fruited, (“d) the swtsd fruited and (d) th<^ nal 
fruited. The ])iil[) of the fruit of the last variety is of a rose colour and 
commands the highest [)ri(e aJid is preferred for preservijig. 

Of the three parts (d the fruit, r/:., shell, se(‘d and pulp, the last is 
tlio most ns('fnl. It is for the sahe of the pul[) that the fruits form a 
regular article of commerce. Besides their con.sumption for edibh^ pur- 
poses in Imlia, they are largely e.\[)oi'ted to ]ilui'op(\ According to 
“Tropical Agriculture,”^ a new market lias sprung up for tamarirnl in 
Italy, where it i.s in demand for the manufacliiia^ of syrii[)s and sW(M*t' 
meats. According to tJie saiiie autliority, the avinage annual yi(dd of 
an adult tree is 350 lb. of pods or fruits, which repiTs(‘nt 200 lb, of pro- 
panxl pu]|). The pulp is thus about 75 per eent. in tlie fruit. The 
uverag<‘ pereemtage of tlo; seed and tlie pulp, as (Icti'miim^d m tli(‘. <!<•- 
corti('at(--d fruits available i]) the Cawiipore market, is 32 and 08 
rcsj-fectivcly. Therefore, the greatest part of the fruit is the pulp, 
which jirineipally consists of sugars ami tai'taric acid. The sugar 
cauitent ranges from about 30 to 10 per cent, and tartaric acid from 
alxjut 0 to 15 ])t‘r cejit. as can lie serui from tlui :uialy.s(‘s of dili’ertnit 
.sam])los of tamarind procured from the Ca\ynpore market as well as from 
the analyses by other workers. The tartaric acid ^yas determined by 
the r(wised form of doldenburg method (1907),^ and tluj reducing sugars 
liy Soldiani method modified liy Ost, which was de.scribed in a Pusa 
Bulletin.’^ The results are given in Table I. 


^ Tropical AgricHlture, Not. 190,5, 

- tiingf* and Kcamc Tectinicnl Melkud-'i ’>/ .\nalfjxiv. 
^ Ball. Id of Afjri. hid. Pww. 
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TAMA It IN D AS A SOURCE OF ALCOHOL AND TARTARIC ACID 


Table 1 . 


S/Kyu'ihr^ (he pam'^Ouje. of reducing mgars and (artaric acid in different 
samples of tamarind. 


Sinn,.!r Vu. 

I ti'ihiciii.c sulmi's 

Tartaric ackl 

1 



j 

41 ■on 

o-riL> 

r. 

:5:S',H5 

IMS 

4 


12'7('t 


:ts-ss 

104m 

(‘. 

it'i'Ui i 

SOU 

7 

Trao's 

tl-C.a 

S 

A [)| avia a Ilk’ (|uantity 

.'laH 


There appears to bo sonH‘ relation between the contents of sn^ar anti 
tartaric acid : tint hi^nhor the siipar (’f)ntent t lie less the C|uantity of tartaric 
acid and rice versa. Sample No. (I was one year old and seems to liavc 
{h^teriorated in its two eonttoits as is the case whth inakuti {Bassui lad- 
folia) llowiT when kept for a year or so, as mentioned latis- on, Sa up ties 
Nt)s. 7 and 8 were iinrij)e tainarinds in different stages, and it appears 
that probaldy botli sugar and tartaric acid wore in their formative 
stage. 

It is due to the presence of these two c(mstituents that the pulp is 
consumed by Indians in the form of eongies, syrups, cJiaini, beverages, 
ete., lint no industrial use has yet been made, of it. 

Some time ago. elTorts wore made in New Caledonia to distil alcohol 
and wine from banana and tamarind. ‘ The latter produced an excellent 
braiidv mamd'aetured in the. following way : Tlie fruit, picked a little 
licfore it was ripe was cru.shed in wafer and the whole allowed to ferment. 
Krmn hri) kilos of fruit lit re, s of liraiidy of goorl tjuality were ])roducerl. 
.•\ vi'rv remarkable fad is the ab.scnee in the tamarind of tlie essential 
oils, wliicli jiollute almost all fruit or grain alcohols below a eertaiu degree. 
B(:.sides alcohol, there can be extracted from the fruit of the tainariud a 
ci'rtain iiuantity of tartaric acid. 

Kecentlv a process has been worked out by Dr. Sudborough and 
Mr. {\ N. Vridlnicludam- to manufacture tartaric acid from the 
tamarind pulp In this inamifacture thiee dilficulties had to be 


‘ .four. Sor, Chou, ItnJ., May 1S89. 
' Jour, 1ml. /«>■/. Pci., It I, 5. 
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oiiouuutored. The first, r/:., tliafc about the hitrutiou of the 
jjqueous cxtriiot of the pulp, was reniovod by (he use of an autoclave. 
The second dillicultv about the rollning and bleaching the solution was 
solved by the use of dilfeieut bleaehing agents. The di.sposal (»f 
tlu' bye-products was the third important tK)iut left for others to 
Solve, 

Krtua tlie aualvtical data available, at present it seems that tlie prt‘- 
doiuiiiniit conslitiu'iit of the pulp is sugar, whieh, if iirst coiivertt'd into 
aleohnl. Would place the maiuifaeture of tartarie acid from tamarind on a 
sotiiuj coMiiuercial basis, as is done with gi.ipes, iirst feniieiiliug the. 
j uiet‘ for tile production of ulcohoL and then utilizijig the residin', for the 
iiiauulacturc of tartaric acid. 

Or. SudbiM'oiigh and Mr, 1*. N. Vridhaehalain sav m (lietr paper that 
although heating in an aiitoidave is uecessarv to facilitate the separation 
of the atjueous I'.xtract from (lie rrsulin', it destroys appreciable anioimts 
of I'l'diicirig sugars jua'sent and tlu'; fermentatiou of the motiier liquoi’ii 
from the ealciuiu tarti'ate ])i'ecipitatc would not be likely to pay. 

In order to avoid this kvss of sugar, whicli is a. \'ahiable asset in tlui 
taiiiai'iud ])ulp, ]jy autoclaving, some, preliminary experiments we.ro 
mad(' ill the year 1021 to fenneiil the pulp extract first, so that tlie 
wliule of (he sugar is made available for the foniiatiou of alc.ohol witiunil 
iiudergoiug aii\' loss liy autoclaving, and then t;o prepare ta.r(a:i'ie acid 
iroiii tlie mother liquor after fermentation and also to see tlie effect of 
lernu'Ulation on tire tai'taric acid coiiteiif of lln^ jiiilp. 

lO'niieJited by the organisms, naturally ju'esent, tlie juilji yielded 
lO'TO p(‘r cent, by weiglil of altsolute alcohol, whieh was determine.d by 
ascertaining the si»oeific gravity of the distillates from the. fermented 
must.' Idle same work ^vas simultaneously canded out l>y Ur, Marsdtui 
of .Madras, and Iris findings- eonfii'iu our results, lie reports that, l,Dt)0 
grm. tamarind were lexiviated, the extract fermented and distilled - 
giving an yield of alcoliol— lO-Tb per cent. In one of his experiments 
a vield of 11 ]K‘r emit, alcohol equivalent to a sugar coiitent of 2H 
per cent, was also obtained. 

Two sets of experiments wore started, eacli in duplicate, to mark the 
progrc.ss of tlie conversion of sugar into ah'olml. The first set was wit h 
a pulp containing hldJO per cent, sugar aiul the soeond with a pulp 
containing 11-00 per cent, sugar, Tlicse experiments were carried out 
in (qten vats, as is done in distilleries, and the results are given in 
Tables II and III. 

^ Lc(Imi:i iuil O.^vis Allen ■'i ('»iimci'ct'il Ory^viio Amhjfiis, Vtil. I, 

Vepl. In<l. Bull 1 (N.b.) 
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6 TAMARIN'n AS A SOUKL'E OF ALCOHOL ANO TARTARIC ACID 

During ffinne^ntation there is a wastage of sugar, which is not a 
small umoimt and may he due to the growth of dificreiit kinds of hae- 
tevia, uiucov, etc., in the iermenting liquor. It is also worthy to note 
here that there is a certain percentage of sugar, though sniail, wdiich 
escapes fenuontation. 

Another experiment was performed in duplicate to see the, eft'eet ol 
fra'iuentation on the tartaric acid eontent of the tamarind )mlp. Esti- 
mation (d tartaric acid was carried out on alternate days and not daily 
as was the case witli sugar in the former experiments. The results arc 
expre.ssed in Table IV. 


Table IV. 


}Sh)\diUj (‘hiwgcs in ih. tartaric acid content of the, tamarind pulp during 
fennentation. 


I )ilV.S 

Tautaric AC 

ID I’Rlt CENT. 

A\ ciiaRf 

acid iicr 
cent . 

Avciagc 

t'U'taiic 
acid IK r 

Wilt, 

\At I 

\';it 1 1 

) 

\]-rr2 


0-.7:? 


..... 


O'ltO 

a-:!l 

o-:?i 

A ..... 

O'C.’t 

ue;5 



T ..... 

S-7o 

8 ■':>?) j 

8vS7 

; 

') 

S-0',) 

8-87 

S'):> 

, U-.7'» 


Although theie aj)|ieai's to he a little decrease in the quantity of 
tartaric a(‘id duiing hrmicntation, still the outcojjie of alcohol will con- 
sideraldv outvalue this loss. 

The tamarind piilj)s fennented in the above experiments contained 
33-fHi and -11-00 per cent, reducing sugars ; therefore, the yield of alcohol 
was ('von less than 'rd the weight of the sugar contents. According to 
the equation — 

Cy-ljoOe = ilCaH.OH + 200.^ 

the theoretical yield of alcohol is little more than lialf the (juantity 
of tlie sug ;r. In the distilleries of the United Provinces, the ])arcnt 
substance?, used for the production of alcohol arc mostly malma {Bassia 
lalifoha) flowers and molasses and the yield of alcohol from each is given 
in Table V. 
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Table V. 


^h(m'iti<f the ifiehl <[f nJeohoJ fom jlofrers anti 


Pai'i'ul 1 

Sujiar cniitt'iil I 

l,i'l(ir>r ee'it’iit'''! | 

W.-iJn of 

iiliiitml prr 1(M) 
SUIT. ’O’ 

Nu'\v inahtLii flower^ 


b.U. 

.'lO 

(lilt ttmfiUd linger'! . 

■m (.‘i 

:l-s .. 


Miil.is.sfs , , . , 

uo ■ 

4|. 1 

10 


The mtthua flowers ijive tlie lli('iir<‘(ir;il yield of aleohol, uiiile nioLisse.s 
jliw's less, due to tlie preseiiek* ot ;t eiefem jnnuimt <tl sii^ar. wliieli 
eseapes fennentatioji, teeliiiieally ealli'il hy disf ilha-s as imfeniuuifahle 
su^^ar. 

Thus the ajuoinU. of ah'oliol pi'odiiced from (lu^ faJuariiul is uol- iii 
[iro()ortioii to that of the. siij^ar content, as it miydil. In he. The pulj) 
(luriuiT fermentation was evei'y jmw an<I theji e.xamined under a. juhto- 
scope, ainl it was hnind that, aione \\ itlt the yM'o\vtli of Iieallliv adeenti- 
tious yeast cells iti slruilydv acid tiuslium, tlici’e was also a ;erowlh of 
ditferent ki]ids of bactei'ia, moulds, etc., \)’hie!i ma\^ he (mu‘ of the ehi(d' 
causes of the dera'iaised pi’odiietion of alcohol. Hence it wasfhoii;;ht 
(le>>irah!e to fernieut tlie pulp with pure c-ultui'cs of yea.sts, which may 
ijicreasc the yiidd of alcoliol, Comparaf i\ (' experiments iji duplie.ate wiu’o 
then carried out on (he feiauental ioJi of .st<'ri]i/a’d (aiiiaritid must in 
Krlejmieyer flasks tiydilly corked wi( h stiu'ili/ed cottoji wool hv means 
of Haccharoinyrass hjilipsohleiis, Sa(a-]iaromy(‘es hkxi^iius, Saewharoiuvees 
ra[)sularis, been' yeast from Solan Brewtu'v, Simla, yeast from Ca.wjipf)re 
Sifoar Works, and adventitious vea.sts in tamarind. The results arc 
shown in Table VI. 

To make tJic results easily iiiteliloihle, tlie liiydiest (i;fures tadoulate-d 
as j)erecntage of alorjliol produced per 100 tamarind jnilp are. shown 
in Plate 1. The vertical column represents tlm percentage of alcoliol 
yielded. 

Tl' will tluis be seen that Saccharomyces Kllifisoideiis gives a yield of 
alcoliol wliich nearly approaelu's the tlieoi’etical amount and far exceeds 
the quantity obtained witJi other yeasts. The spontaneous fermentation 
of the must of the tamarind pulp is tlius not quite adapted for the pro- 
duction of alcohol. 

Besides, during the alcoholic fermentation with adventitious yeast, 
it was marked in several e-xperiments that the yield of alcohol was 
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spasmodic and slow, but; with pure cultures it was not so. To elucidate 
this the results of two experiments are shown graphically in Plate 11. 


Table VI, 

Showing the jermeniaiive efficiency of different species of yeast. 


Name of yeast 

Sufiai' 

Alcohol vound j 

PER CENT. 

Average 

alcohol 

Alcohol 

Fermen- 
tative 
cfticiency 
of yeast 
twr cent. 

in pulp 

Flask 

I 

Flask 

11 

IK-r 

cent. 

latcd 

S Ellipsokleus 

3S'87 

19-20 ' 

19-26 

19-20 

10-87 

96-93 

8. Exiguiis 

38-87 

15-93 

15-87 

15-00 

19-87 

80-02 

tS. Capsularis , 

38-87 

13-84 

13-76 

13-80 

10-87 

69-45 

Beer yeast 

38-87 

13-80 

13-86 

13-86 

19-87 

09-74 

(‘awn pore yeast 

38-87 

13-80 

13-92 

13-80 

19-87 

09-74 

Advi'iititious yeast . 

38-87 

12-98 

12-82 

12-90 

10-87 

64-92 


Thus it can be seen that, with Saccharomyces Ellipsoideus, there is 
eVA'iy day a rise in the yield of alcohol, which was greatest on the 7th 
day, wliile witli adventitious organisms there was rise and fall, reaching 
tile inaxitnuin yield on the 8th day. 

In order to find out the infiuenee of the concentration of the must 
on the production of alcohol, several trials were made in the very begin- 
ning to fonneiit the pulp with varying quantities of water. The fer- 
n\eutailon ^vas found to be at its best when the ratio of the pulp to water 
was l)et\veon 1 : 3*5 and 1 : 5. Therefore, the above experiments were 
carried out with one of pulp to live of water at room temperatures which 
varied from 25® to 30° C. and it was marked that the higher the tempera- 
ture nearing 10° 0, the better and quicker the alcoholic fermentation. 

In conclusion, we would, therefore, point out that if the fermentation 
ot the tamarind pulp is to be carried on commercially with pure cultures 
of yeast in \)lacc of adventitious organisms, the yield of alcohol is sure 
til increase, consciineiitly enhancing the |)rofit calculated by Dr. Marsden 
for the manufacturers of tartaric acid and alcohol from tamarind. 

Filially, \vc take this ojiportunity to express our thanks to Dr. and 
Mrs. Norris of Madras, and Mr. Lissenborough of Cawnpore Sugar Works, 
for llieir kindness in supplying us with samples of pure cultures of 
different varieties of yeasts, and also to B. Manna Lai Khare, 
Lecturing Assistant, for his help during the investigation. 


cALCuri'A : rRiNTEjj by supijt. c;ovt. pristino, inuia, 8, Hastings street. 











9‘»'»*SEPT 23 


PLATE 


I9>e6 



z*se 


NO DlSTILt-ATION 



fervi^ntmive efficiency of different species of yeast. 



Publications oi the Imperial Department ot Agriculture in India, 


To Lc had from ; — 


^'he Office of the Agricultural Advi.ser to the Ooveinmc'ut fif Ituiia, Ptisa. Hilia 
and from the followiufr — 


(1) Thacker, Spink & Oo., Calcutta. 

(*2) AV, Newman & Co., Calcutta. 

ill) Kai M. C. Sai'kar Tlahadur it, Sons, Calcutta. 

(4) ITigginbotliuiu & Co., ^Madras. 

(.a) Thompson, Ltd., Madras. 


(0) ]4. II. Tarapotcv.'ilii. Sons it Cn., Ihunliav. 

(7) That her A', Co., f.td., Ihunlmy. 

(8) vSumlcr Panduinng, JViinbuy. 

(9) Rai Sahil) M. Culab Singh it Sons, Laluue. 

(10) .M.ni].'ig(‘i', l'](l neat i( >iial Rook Depot, Nnc'jnjr. 


A complete list of the publications of the Imperial Department of Agrlct Ki re in India can to ob- 
tained on application from the Agricultural Adviser to the Government of India, Pi sa, Eihar or from 
any of the above-mentioned agents. 


These publications are ; — 

1. The AgricuK^ind Jouniid of India. A Journal dealing with subjects oonneoted with agncnUural 

economics, field and garden c.rop.s, economic plants and fmiis. suils, mamires, methods of culti- 
vation, inigatiou, climatic conditions, insect pests, fungus diseases, co-operative credit, .anti- 
cidtural cattle, farm implement.s, and other agricultural iinittcis in India, llliistrritioris, including 
coloured plates, form a. prominent feature of the Journal. It is crlited hv the Agiiciiitural .Adviser 
to the Government of India, and is issued once every two months or six times it vear, AiikHuI 
Sub8Ci i;p(i(rri, Rs. 0 or 9s, OJ.., including postage. Single copy, R. 1-S or 2,s. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

II. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India, 
o. Proceedings of Sectional Meetings of the Board of Agriculture. 

(). Memoira of the Imperial Department of Agriculture in India : 

(o) Botanical Series. 

(A) Chemical Scries. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veteriaary Scries. 

7. Bulletins issued by the Agricultural Rc.seai'ch Institute, I’nsa. 

8. Indigo Publications. 

9. Hooks. 

The following are the publications of the last two years 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Impeiiai 
Dairy Expert and the Secretary, Sugar Bureau), for the year 1921-22. Price, As. 14. 

•Scientific Reports of the Agricultural Research Institute, Pusa (including the Repoit.s of the Im|ierial 
Dairy JilKpert and the Sccrelaiy, Sugar Bureau), for tlie year 1922-23. Price, R. 1. 
licview of Agricultural Operations in India, 1921-22. Price, R. 1-4. 

Review' of Agricultural Operations in India, 1922-23, Price K. 1-ld. 

Proceedings of the Board of Agriculture in Indira, held at BHiigalnrc on the 21st Jantiary, 1924, and 
following days (with Appendices). Price, R. 1. 

Proceedings of the Cattle Conference, held at Bangalore on 22nclaiid 23rd January, 1924 (with appen- 
dices). Price, A.s. 9. 

Report of the Proceedings of the Fifth Entomological .Meeting, hehl at Pusa on ,')th— lOtli Februarv 
1923. Price, Rs. 9-8. 

Procecdiiig.softheSoeoiuIMcetingof Veterinary Officers in India, held at Calcutta from 20lli Pebruaj y 
to 2iid March, 1923 (with appendices). Price, R. 1-12. 



MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA. 


Botanical Series. 


V(,l. 

XI, .No 

IX. 

\'nl. 

xr. No. 

X. 

Vul 

xir. No. 

1. 

Vol. 

XII, N< 

►. n. 

v„|. 

Xfl. No. 

III. 

w,|. 

XfL No. 

IV, 

V<.|, 

MI,N... 

V, 

Vnl. 

XIII, No, 

1. 

\A|. 

XIII. Xo. 

ir. 

\'n|. 

XMI. Xo, 

III. 


A N(‘«' ^’iinccr Disease in fJorLivari Disfrict, by tS. Sundaraeaman, m.a. Prior 
R. 1 or D. id 

f/fliiiinthosporium sjip. on Cereals and Sugarcane in India, Part 1. Diseases 
of Zrn A/f/ys and Sorcjkum mJgare eansef] by speeies of HelTninlhofiporiu 7 )i 
by AIA^•OEA^•JAx Mtte.a, m.so. Price, K. 1 or D. 4d 

The Wheats of Dihar and Orissa, by Albert IIowARn, o.i.e., m.a., Gabeiell i 
L. (I Hovv.^kd, m.a., and Abdur Eahmax Khan. Price, As, 8 or 7d 

T — History of the oj)cratioti,s against Bnd-rot of Palms in iSonth India. ]I~- 
(nofulation Exjieriinents with Fhytnphihora faJmivofa But), on Borass'n- 
flfibfllifrr l inn, ajid Co('o.i »ucife.ra Linn., bv Mi;Rak, m.a b sc. Price 
‘a. 1-4 or lD. ' ‘ , 

Studies in Inherit.ancc in Cottcjn, I. History of a Cross between G, hert-acevn' 
and 0. r\c,<]kcivn}, by G. L. Kottur, M.Ag, Price, II. 1-4 or I*\ M. 

Stndies in Hidian Oil Seeds. No. 2. Lin.seed, Ly Gabeielt.e I.. C. Howard. 
11 . A., and .Abdcr Rahman Khan. Price, R. 1-4 or 2a. 

Studies in Gnjarat Cottons, Part II, by Maganlal L. Patel b ae Prire 
It. 1-12 or ■ h' 

Stndics in Indian Tobncoos. No. 4. — Parthenccarpy and Parthenogenepi, 
in the varieties (4 NkoHann Tfdncwn L. A ar. Cn^crand var. JilirodulQ, In- 
G inRrnr.M^I., 0. Howard, m.a., and- Kashi Ram. No, 5.^-The Inheritanre 
of <,'liarac-(er.s in nistlra 1.., by Gabrielle L. C. Howarp. ai a 

I'rice, Ks, 2 or 2.?. Dd. 

'Che Wilt Disease of Safflower, by S. D. JosHi, p,..sc. Price, R. 1 or Is. 6(/. 

Sfiidics in Indian libn' Plants. X(a 2. On the Itdicritance of Characters 
in Ildi-iriif Xuhdarlfja L., bs’ Albert Howard, c.i.e., and GabhieileL ( ' 
Howaim), m.a, (Of llie presfi.) 


Chemical Series. 


V..[, 

VI. 

No, 

VI. 

Vol. 

VI. 

No. 

VH. 

Vid. 

VI. 

N.. 

.VIII. 

\ol. 

V!l. 

No. 

I, 

\’ol 

VII. 

No. 

11. 

\'ol. 

VI!. 

No, 

III. 

\.]. 

Vil. 

No, 

IV. 


Invest ig.ntiftns on Indian Opium, No, 3. Stiidie.? in 
of Indian Opinin, Ity II.arold E. Annett, p.Sc. 
and M.-vnirr: A Nath Bo.se, m.a. Price, .As. (5 or (id. 


the Mceoiiic Acid Oonlejtt 
(Lend.), e.i.c., M.s.E,A.f., 


■b( ntica] Stndiffi oii Safflowc Seed and its Germination, by V. A. fl’AMHAN^ 
M.sc.. M Ail. I’iice, .As, 10 or ].y. 


Note on tl)c I’erinanent Mamirial Plots, Coimbatore bv 
iE.se. IVioo. R. I- i or U. 0(/. ' 


Roland V, Nchhis, 


A Note 
by M 
Studies 
1a, 


on t he Hydrocyanie Acid iu the Burma Bean {Pha.eohs hmatus, m ) 
d. d ARTH, M.SC., B.sc, Price, As. 12 or Is. 

'd nn Acid Soil in A.ssam, IT, by A, A. Meggitt, b.sc. Price. As. 12 , r 


■ Indlars^S'bl^PoTSN^V^'"'^'^"'^^^ of Calcium Cyanainide in South 
miiaii to. J.OLAND Norris, d.,?c„ f.i.c., B. VrswAXATU and C \ 

^ Ham.aswami Avvar, L.Ag. Price, As, 12 or U. and i . \ . 

and pS HIT "t Lander, m.a, 

. and J andit Lai Chand Diiarmant, p.Ag. {/« prese.) 



Entomological Series. 


l^ol. VII, No. IX. 

Val VII, No. X. 

rol. VII, No. XI. 
\\,l \It, No. XII 

A)l. VII. No. XI II. 

V(.l. VIII, No.^ I, 11 
& III. 

\'ul VIII, No. IV. 

V.il. in. No. IV. 
\,il. Ill, No. V. 


Notoa on Indian Diptcra, by Ronald Slnior-VI'hite f f s 
or 2«. 3d. “ ’ 


Rrira, R. Ml’ 


PJatyedra gos,<iypiena, SauiHl., Rink RolbWorm in South India 1020-‘>I \ v 
K Ballaud. B.A., p.E.s. Price, A^. 12 or 1.?. » ‘ i ^ 

Studies in Indian Dornuiptera, by Morgan Hkbaed. Price, R. 1 4 or 1... Od. 

Further Not^s on PempW affinis, Fst. (The Cotton Stem Weevil) by K 
Ballard, b.a., p.k.s. Price, R. 1 or h?. 4d. ' 

{‘^rhambius) i„certrJh, i„ 

the (todavari Bella, by E. Ballard, d.a., f.f.s. Price, As. 14 or l,v 4J 
Hydrophilidse of India, by A. d’Orchymont ; An Annotated list of Ichneu- 
monid® in the Push Collection, hy G. R. Dftt, pa ■ A Second Note on 
OdomvLa m the Pusa Collection, by Majojj F. C. Fka.skr. Price, R. 1 or 

Notes on Inilian Musoids, by R. SENiOR-V'rrn’K, f.r.s. IViee, As. 12 or !>; 


Veterinary Series. 

Studies in Rinderpe.st, by W. A. Pooi-, M.r.o.v.f:., mid T. 1\I. Bovi.i^ fk c v 
P rice, R. 1 or he. 4d. 

Etiology of Equine Contagious Abortion in India, by T. 1\1 Poylp fr v v 
Price, A.S. 8 or 9d. ' ' ’ 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUSA, 

Xn. 13G. The Hydrogen Ion Coneentratinns of some Indi.an Soils and Plant Juices by V' R C 
Atkins, o.r.r., sc.d.^ f.lc. Price, .'^s. 4. ’ . • • ■ 

Xo. J:17. Note on tbe Probability of an Inter-relatioji bidwcon the T.enalli of the Stigma .and that of 
the Fibre in some forms of the genus Qossypinni, by Ram Ppasad, Price. As. 1. 

No. 138. of Examination of Certain Characters in Cotton, by C. R. Htlson, b.sc. Price, 

No. 139. List of Publications of Indian Entomolcgy, 1020-21 (compiled l.y the Inuierial Kntomo- 
logist). IViee, R, 1. i i 

Xo. 140. The Beterniin,atioii of Pnissie Acid in Burma Beans (niamjht.^ hatnlti.^) (Prelimin.arv Xoh ) 
by .T. Charlton, r.^;c. Pi lee, As. 3. 

No. 141. Compararive Manorial Value of tlie udiole Plants and the diff.n'ent parts of Green Manure. 

by N. V. JoSHr, r.a., m.sc., L.Ag. Price, As. (3. 

Xo. 142. The Cultivation of ]^ae in the Plains of India, by C. S. JIisra, b.a, Price, R. 1-8, 

No. 143. Her {Zkyphu-s jujuha) Fruit and its Fly Pest, by ,1. L. KirAKn, f.r.s, Price, As. (5. 

No. 144. Observations on the Morphology and Life-cvele of Fi'fgr/r/ rerenn/f/n Gins.^^i by Dl Awxt 
Narayan Rao, Price, As. G. . ... 

No. 145. Some Observatioirs on the Barreii 8(nls of T.over Bari Doab Cedony in the Puiiia]> bv 
b.M. Nasir. Price, As, 3. * . 

No. 140. The Prevention of Ninsance,s caused by the Parboiling of Pnddv, bv J, Charlton b sc 

A. I.C, Price, As. 5. 

Xo. 147. List of Publieatirms on Indian Entomology, 1922 (compiled l)v the Imperial Fntomolo 
gist). Price, Aa. 7. 

No. 148^ The Relative Ees{)on.sibiiity of Pliysic.'!! Heat and Miero-oraanisms for the Hot Weatbtr 
Rotting uf Potatoes in Western India, by 8. L. Ajrekar, r.a,, and J 1) R\nu>iv]- 

B. Ag. Price, As. 5. 


3 



BULLETINS ISSUED BY THE AGRICULTUEAL RESEARCH INSTITUTE, 

PUSA— f0Kc/(/. 


Mr). 149, 

Ml.. i:.n. 


No. IT)!. 


No. ir,-2. 


N'o. 104. 


Mo. ir,5. 


,\ Stiirlv of flio Fiiotors opcrativo in the value of Green Manure, hy B. TT. Wilsdox, b.a.. 
i.H.K.', P. K. Lanuek, M.A., n..sc., A.T.C.. and M. Mukanu Lal, Price, As. 5 . 

'I’lie Tinprnvcnu-Iit of Fodflcr and h'orage in India {Paiiers read before a joint ineetinv' 
of the seetioii.s of A«ritMiltnre and Botany, Indian Science Congress, edited hy 

GAHKiri.r.K h. (:. Howard, m.a. Price, As. (3. 

\ Method for the Accurate iJeteiTiiination nf Carbonic .Acid present as Carbonate in Soils, 
Ijv PifAM ihirsAN S.^NVAi., >i.sc. Price, As, 2. 

The Ksternal Morphology ami Ibonomios of the Coiniri on est Indian Tick {Flynhnnna (cyy) - 
iiuyn), I»y Mohammad Shahif, ji.a,, f.r.m.s. Price, R. 1. 

Tamarind as a source of Alcohol and Tartaric Acid, by H. N. Batha.m, m.a., and L. S. 
Xigam, L. Ag. Price, A.s. ‘i (sr T/. 

'I’lie Hiononiics of the Sarc<ipie Jlange Parasite of tlie BuiTalo witli some obs.'iwati* n.s eon- 
eernlng tho relative poM’er of rcshtance to iidverso conditions of the different Kfage> 
of the Aearus and of its egg, by T. M. Ttmoxey, m.r.c.v.s. Price, As. 2. 

List of Publications on Indian Kntoniology, 1923 (compiled, by the Imperial Lntomologifct ), 
{III the prt^s.) 


INDIGO PUBLICATIONS. 


No, 11. 1'hc Nature of Changes Occurring; in the Indlen Steeping Vat, II, by W. A. Davis, b.sc.. 
ACMJ.i. Price, Pv. MU. 

No. 12, Indigo Kxperiments, 1922. (1) The effect on jirodiice nhen vat liqiuu- is allowed to stand 

in (he heating vat and healing i.s delayed, (2) Tlie effect of neutralizing the liquor nith 
caustic soda before boating, by -.1. II, IVai.tO-V, m.a,, m.sc. Price, As. 4. 


BOOKS. 


Wheat in Imlia, [»v At , brut How.ard, m.a., a.r.c.s., F.r.,s., and Gabriblli; L. C. Howard, ai.a. Print , 
f{s. 3 or 7s “Od. 

A I >es(ri|)tion <tf (he luipcriid Bacteriological Laboratory, .Miikto.sar ; Its Wfuk and Prodiief.s, In 
-Maji.r.l, 1). M, Holmes, m.a., d.sc,, m.r,c.v,s. Price, As. S nr Od. 

Agriculture in India, hy J.ames Mackrxxa, m.a., i.o.s. Price, A.s. 4 or r>d. 

S.une itiscasc.s of Catlh' in fudia, A Handhonk for Stnek-ouners, Price. As, S or !M. 

The lm|iortanrt- of Bacteria! Action in Indigo Jlamifacture, bv C. M. HrTrniNSON ij \ Price 
.W.'JorlW. ' 

lo'p<M t 0(1 riir' Diseases of Siikwortus in India, by A. Prixoli.: Jamescln, d.sc. Price, Hs. 3. 
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All new ]uiblicat ions are inolnded in (lie aiiovelist and nro rcgulsirlv posted 
a.ssMoti as issued, rnicss eomphtiats (*f imn receipt of an v jHiblicatinn „,c iLcoru wiuiiii 
moutl.sul the dale of ,ss«c. duplicate eo,,im. ,au be supplied only on , ayment of cost and postage. 


received Avithin 


8Ghr-,M-lV.2-43-]U !i I0i^4— 1 /wo. 


4 




